Introduction {#s1}
============

AJCC 8th edition cancer staging system will be implemented since January 1, 2018 \[[@R01]\]. For the first time, AJCC demonstrated prognostic stage group to anatomic cancer stage system, aimed to provide a reasonable reference in clinical decision-making. According to the prognostic stage system, patients diagnosed with breast cancer in Department of Breast Surgery, Peking University Shenzhen Hospital from 2011 to 2016 were re-evaluated and the clinical value of prognostic stage system and clinicopathological classification was analyzed \[[@R02]\].

Methods {#s2}
=======

A retrospective analysis was conducted to patients with invasive breast cancer diagnosed by Department of Breast Surgery, Peking University Shenzhen Hospital from January 2011 to June 2016. Clinical data and pathological information were available. All pathologic specimens were reviewed by two experienced pathologists who provided following pathological information: primary tumor size, tumor grade, and immunohistochemistry (IHC) results including expression of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor-2 (HER2) and Ki67 expression, demographic features and clinicopathological classification.

According to the definition of St.Gallen Breast Cancer consensus in 2011: luminal A (ER and/or PR positive, HER2 negative and low Ki67), luminal B HER2 negative (ER and/or PR positive, HER2 negative and high Ki67 ≥ 15%), luminal B HER2 enriched (ER and/or PR positive, HER2 positive), HER2 positive (ER and PR negative and HER2 positive) and triple negative (ER, PR and HER2 negative) \[[@R03]\].

H&E staining immunohistochemical examination was routinely performed on tumor specimens. Pathological results were re-checked according to the American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) Guideline for Breast Cancer immunohistochemical testing of ER and PR in 2010 and Guideline for human epidermal growth factor receptor 2 testing in 2013 \[[@R04]\]. Histologic grade of invasive breast cancer was assessed according to Nottingham Grading System (NGS), which is based on tubule formation, nuclear grade and the mitotic rate \[[@R05]\]. Status of hormone receptor (HR) was considered positive if at least 1% positive tumor nuclei were detected in the samples. HER2 was determined in all pathological specimens with invasive breast cancer. Testing criteria define HER2-positive status when (on observing within an area of tumor that amounts to \> 10% of contiguous and homogeneous tumor cells) there is evidence of protein overexpression (IHC) or gene amplification (HER2 copy number or HER2/CEP17 ratio by FISH based on counting at least 20 cells within the area).

Anatomic and prognostic staging of patients with breast cancer was evaluated by AJCC 8th cancer staging system \[[@R01]\].

T-test was used to determine the statistic difference between anatomic and prognostic cancer stage in different subtypes. All statistical tests and P-values were two-tailed, and P \< 0.05 was considered statistically significant. Analysis was conducted with SPSS software version 20.0 (IBM-SPSS, Chicago, IL, USA).

Results {#s3}
=======

A total of 784 patients newly diagnosed with invasive breast cancer in the Department of Breast Surgery, Peking University Shenzhen Hospital from January 2011 to June 2016 were enrolled in this study. All of patients were female, the median age of breast cancer diagnosis was 46.4 years old (18 - 84 years old); 686 (87.5%) were premenopausal, and 98 (12.5%) were postmenopausal ([Table 1](#T1){ref-type="table"}). There was no statistic significance between 8th and 7th AJCC anatomic cancer staging system for breast cancer \[[@R01], [@R06]\]. Prognostic stage information included: histological grade (G), human epidermal growth factor receptor-2 (HER2), estrogen receptor (ER) and progesterone receptor (PR) \[[@R07], [@R08]\].

###### Patients and Tumor Characteristics

  Characteristic          N     \%
  ----------------------- ----- -------
  Age, years                    
    \< 35                 121   15.5%
    ≥ 35                  663   84.5%
  Menopausal status             
    Postmenopausal        98    12.5%
    Premenopausal         686   87.5%
  T stage at diagnosis          
    T1                    292   37.2%
    T2                    439   56.0%
    T3                    35    4.5%
    T4                    18    2.3%
  N status at diagnosis         
    N0                    381   48.6%
    N1                    223   28.4%
    N2                    105   13.4%
    N3                    75    9.6%
  M status at diagnosis         
    M0                    764   97.4%
    M1                    20    2.6%
  ER status                     
    Positive              594   75.8%
    Negative              190   24.2
  PR status                     
    Positive              513   65.4%
    Negative              217   34.6%
  HER2 status                   
    Positive              238   30.4%
    Negative              546   69.6%

As for anatomic stage, 188 (24.0%) patients were stage I, totally IA. Four hundred (51%) patients were stage II, of which 243 (31.0%) were IIA and 157 (20.0%) were IIB; 176 (22.4%) cases of stage III included 102 (13.0%) patients in IIIA, seven (0.9%) in IIIB, and 67 (8.5%) in IIIC. Twenty (2.6%) cases were stage IV ([Table 2](#T2){ref-type="table"}).

###### Distribution of the Prognostic Stage and TNM Stage of the Patients

  TNM stage   Prognostic stage                                                                                                       
  ----------- ------------------ ------------- ----------- ------------ ------------ ----------- ----------- ----------- ----------- -------------
  IA          125                42            21          0            0            0           0           0           0           188 (24.0%)
  IIA         0                  139           28          32           44           0           0           0           0           243 (31.0%)
  IIB         0                  17            1           0            25           23          14          0           77          157 (20.0%)
  IIIA        0                  14            4           59           11           10          4           0           0           102 (13.0%)
  IIIB        0                  0             0           0            0            3           4           0           0           7 (0.9%)
  IIIC        0                  0             0           0            2            31          34          0           0           67 (8.5%)
  IV          0                  0             0           0            0            0           0           20          0           20 (2.6%)
  Total (%)   125 (15.9%)        212 (27.0%)   54 (6.9%)   91 (11.6%)   82 (10.5%)   67 (8.5%)   56 (7.1%)   20 (2.6%)   77 (9.8%)   

As for prognostic stage, 337 (42.9%) cases were stage I, of which 125 (15.9%) cases were in IA, and 212 (27.0%) were in IB. One hundred and forty-five (18.5%) cases were in stage II, with 54 (6.8%) in IIA and 91 (11.6%) in IIB. Two hundred and five (26.1%) cases were in stage III, of which 82 (10.5%) were in IIIA, 67 (8.5%) in IIIB and 56 (7.1%) cases in IIIC. Twenty (2.6%) cases were in stage IV as the prognostic stage system showed ([Table 2](#T2){ref-type="table"}).

In addition to TNM stage IV, prognostic stage also changed in anatomic stage I-III. Among them, 63 (33.5%) patients in anatomic stage IA upstaged to prognostic stage IIA (21/63, 11.2%) and IIB (42/63, 22.3%). Seventy-six (31.3%) patients in stage IIA upstaged to IIB (32/76, 13.2%) and IIIA (44/76, 18.1%). One hundred and thirty-nine (57.2%) patients in stage IIA downstaged to IB. Eighteen (11.5%) patients in stage IIB downstaged to IB (17/18, 10.8%) and IIA (1/18, 0.6%). Sixty-two (39.5%) patients in stage IIB downstaged to stage IIIA (25/62, 5.9%), IIIB (23/62, 14.6%) and IIIC (14/62, 8.9%). Seventy-seven patients (all anatomic stage IIB) could not be restaged in prognostic stage ([Table 3](#T3){ref-type="table"}).

###### Change of TNM Stage and Prognostic Stage

  TNM stage   Prognostic stage             
  ----------- ------------------ --------- ------------
  Stage       N                  Stage     N (%)
  IA          188                IA        12 (66.5%)
                                 IB        42 (22.3%)
                                 IIA       21 (11.2%)
  IIA         243                IB        13 (57.2%)
                                 IIA       28 (11.5%)
                                 IIB       32 (13.2%)
                                 IIIA      44 (18.1%)
  IIB         157                IB        17 (10.8%)
                                 IIA       1 (0.6%)
                                 IIIA      25 (15.9%)
                                 IIIB      23 (14.6%)
                                 IIIC      14 (8.9%)
                                 Unknown   77 (49.0%)
  IIIA        102                IB        14 (13.7%)
                                 IIA       4 (3.9%)
                                 IIB       59 (57.8%)
                                 IIIA      11 (10.7%)
                                 IIIB      10 (9.8%)
                                 IIIC      4 (3.9%)
  IIIB        7                  IIIB      3 (42.9%)
                                 IIIC      4 (57.1%)
  IIIC        67                 IIIA      2 (3.0%)
                                 IIIB      31 (46.3%)
                                 IIIC      34 (50.7%)
  IV          20                 IV        20 (100%)

Of all patients enrolled, patients with luminal A, luminal B, HER2-enriched and triple negative were 88 (11.2%), 515 (65.7%), 77 (9.8%) and 104 (13.3%). The distribution of patients in prognostic stage was significantly different among the five subtypes of breast cancer (P \< 0.001).

Discussion {#s4}
==========

On October 6, 2016, the AJCC 8th edition of cancer staging system was updated, and it will be implemented globally in 2018. Although the new cancer stage system put forward prognostic stage groups as a crucial part of cancer stage system, it is still established on the foundation of primary tumor (T), lymph node (N) and metastasis (M) \[[@R01], [@R09]\].

Our study respectively analyzed the clinicopathological characteristics of anatomic and prognostic stage of 784 patients who were newly diagnosed with invasive breast cancer in Department of Breast Surgery, Peking University Shenzhen Hospital from January 2011 to June 2016. Patients in anatomic stage IV remain stage IV in prognostic stage, indicating patients with distant metastasis had poor prognosis regardless of other biological characteristics of tumor. Patients in the same anatomic stage, but with different immunochemistry results may have different prognostic stage. AJCC 8th edition cancer stage system definitely provides a new way to value disease outcomes and help to make treatment decisions, which is more objective and rigorous than any other methods in clinic application.

Patients in anatomic stage I, II, III account for 24%, 51% and 22.5% of all patients enrolled, while patients in prognostic stage I, II, III account for 42.9%, 18.5% and 26.1%. Compared to prognostic stage system, the cancer stage of patients in stage I upstaged significantly, and the proportion of stage II downstaged significantly. On the contrast, patients in anatomic stage III almost remained the same stage in prognostic stage system. The result indicated that most patients in anatomic stage II had better disease outcome than we supposed when took biological information into consideration. Among them, 57.2% patients in anatomic stage IIA downstaged to stage IB and 11.5% of those in stage IIB downstaged to stage IB. Therefore, patients downstaged in prognostic stage need to be personalized when making physical decision to avoid overtreatment. For patients in anatomic stage II and III, the combined treatment of patients with advanced stage in prognostic stage should be emphasized.

The clinicopathological classification was proposed in the St.Gallen consensus report 2011, to classify the subtype of breast cancer and has been widely recognized. According to the consensus, patients with luminal A, luminal B, HER2-enriched and triple negative were 88 (11.2%), 515 (65.7%), 77 (9.8%) and 104 (13.3%). The result is approximate to other studies \[[@R10], [@R11]\]. Intrinsic subtypes of breast cancer were different in the distribution and variety of anatomic staging and prognostic stage, and the difference was statistically significant (P \< 0.001) ([Table 4](#T4){ref-type="table"}).

###### Distribution of Prognostic Stage and Subtype

  Stage     Luminal A    Luminal B HER2 positive   Luminal B HER2 negative   Triple negative   HER2-enriched   P value
  --------- ------------ ------------------------- ------------------------- ----------------- --------------- ----------
  IA        37 (42.0%)   26 (16.4%)                61 (17.1%)                0                 1 (1.3%)        \< 0.001
  IB        31 (35.2%)   65 (40.9%)                99 (27.8%)                0                 17 (22.1%)      
  IIA       3 (3.4%)     1 (0.6%)                  21 (5.9%)                 18 (17.3%)        11 (14.3%)      
  IIB       6 (6.8%)     18 (11.3%)                56 (15.7%)                0                 11 (14.3%)      
  IIIA      0            10 (6.3%)                 10 (2.8%)                 40 (38.5%)        22 (28.6%)      
  IIIB      1 (1.1%)     17 (10.7%)                29 (8.1%)                 18 (17.3%)        2 (2.6%)        
  IIIC      0            6 (3.8%)                  16 (4.5%)                 24 (23.1%)        10 (13.0%)      
  IV        1 (1.1%)     3 (1.9%)                  9 (2.5%)                  4 (3.8%)          3 (3.9%)        
  Unknown   9 (10.2%)    13 (8.2%)                 55 (15.4%)                0                 0               
  Total     88 (11.2%)   159 (20.3%)               356 (45.4%)               104 (13.3%)       77 (9.8%)       

The study showed that the majority of luminal type breast cancer downstaged in prognostic stage. Among them, the prognostic stage of luminal A breast cancer was downstaged in 44.3% of patients, and only 1.1% of the patients upstaged; luminal B HER2 positive downstaged in 54.1% patients, and 22% of the patients upstaged; luminal B HER2 negative downstaged in 39.9% cases, and 13.5% of the patients upstaged. No patient downstaged in both HER2 positive subtype and triple negative subtype, and the proportions of patients with upstaged prognosis stage in these two subtypes were 91.3% and 68.8%, respectively. The highest proportion of prognostic stage I and II was luminal A which was 87.4%. While the prognostic stage I, II proportion accounted for 69.2% and 67.1%, respectively, and prognostic stage III, IV proportion accounted for 22.7% and 17.9%, respectively in luminal B HER2 positive and negative subtype. Patients with triple-negative breast cancer in prognostic stage I and II accounted for 17.7%; the prognostic stage III and IV was 82.7%. The prognostic stage I and II proportion accounted for 52%, and prognostic stage III and IV proportion accounted for 48% in HER2 positive subtype ([Table 4](#T4){ref-type="table"}).

Base on the anatomic stage, the prognostic stage system of the breast cancer is more useful and more rigorous for clinicians to understand the biological characteristics of breast cancer. Besides of intrinsic subtypes and anatomic stage, the histological grade (G) was the only factor in the evaluation of prognosis. Therefore, we should pay more attention to accurate histological grading evaluation. AJCC 8th edition also recommended histological grading process as the prior category. In clinical course, histological grade III is rare in patients with luminal A breast cancer who had definitely better outcomes compared to other intrinsic subtypes. Most of the prognostic stage of luminal A breast cancer downstaged \[[@R12]\]. However, most of the triple negative and HER2 positive subtype upstaged in prognostic stage due to poor differentiation and high risk of recurrence and metastasis \[[@R13]\]. The prognostic factors were too complicated to evaluate the prognostic stage of luminal B, and more researches are needed to understand how to accurately predict the outcome of luminal B breast cancer \[[@R14]\]. Thus, the treatment of different subtypes could be adjusted by prognostic stage system based on anatomic stage.
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